The goal of this research is to empirically study the relationship between obstacles perceived by companies to carrying out their innovation activities and their decisions about external sourcing of knowledge through the outsourcing of R&D or technological cooperation. Using information on German and Spanish companies from the year 2010, we obtain that in both countries this association is positive, and that companies that assign greater importance to factors that impede their innovation activities are also more likely to engage in external sourcing of knowledge. This relationship seems to be especially strong in companies that do not engage in internal R&D activities or do so sporadically, while it is much weaker in companies that perform internal R&D continuously. Nonetheless, the importance that companies assign to the market power of established companies as a barrier to innovation is positively associated with technological cooperation especially in continuous R&D performers.
Introduction
To carry out their technological activities, companies sometimes look for productive and financial resources outside the company, and very often, outside the country itself. This is true of the offshoring of R&D and international technological cooperation, among others.
These phenomena have been increasing in recent years. In Europe, for example, according to Eurostat data, in 2004, on average, 1285 companies performed external R&D activities, while in 2014, the number was 1899. Furthermore, also according to Eurostat figures, in 2004 approximately 66,891 companies carried out innovative activities in all the countries of the European Union, while by 2014 this number had grown to 94,569.
Recent studies attribute this increase in seeking resources outside the company to the beneficial effects it has on company performance. Along this line, Wagner (2011) researches the effect of offshoring on different aspects of the performance of German manufacturing firms and finds that the companies that offshore are larger and more productive, have more human capital and have a higher proportion of exports in total sales. 1 Likewise, in his study of the French manufacturing industry, Bertrand (2011) analyses the effect of offshoring on export performance and finds evidence that it increases the international competitiveness of multinational enterprises (MNEs), although the effect might be conditional on specific country and company characteristics. In particular, for the case of R&D services, Nieto and Rodríguez (2013) conclude on the basis of Spanish service and manufacturing firm data that R&D offshoring activities have a direct positive impact on productivity and an indirect positive impact through innovation.
As for technological cooperation, numerous authors conclude that the development of joint R&D activities complements resources available in the company for innovation, increasing internal capacities and fostering the acquisition of innovations (Mowery et al., 1998; Branstetter and Sakakibara, 2002; Scott, 2003; Becker and Dietz, 2004) .
These positive effects of external technology sourcing justify a more detailed analysis of its determinants. In this regard, although it is growing, the empirical evidence is still scarce (Holl and Rama, 2014; Tamayo and Huergo, 2017; Murphy and Siedschlag, 2018) .
The objective of this work is to contribute to this analysis through the study of the relationship between the obstacles perceived by companies to the development of their innovation activities and the pursuit of these activities outside the company, whether through R&D outsourcing or technological cooperation. The study places special focus on the cases in which companies choose to carry out these activities internationally.
To this end, we work with data from the Technological Innovation Panel (PITEC) on 8,382
Spanish firms and from the Mannheim Innovation Panel (MIP) on 2,748 German firms for the year 2010. Both data bases are supported by the national versions of the Community Innovation Surveys, and as such there is a high degree of homogeneity in their basic contents.
Furthermore, Germany and Spain are two of the largest countries in the European Union, but differ in their innovative environments, and therefore make a good field of analysis for studying the relationship between obstacles to innovation and the choice of strategies for external technology sourcing. Unfortunately, we only have a cross section for the analysis, which makes it difficult to address problems of endogeneity. As a consequence, the estimated coefficients can only be interpreted as correlations and not as indicative causal relationships.
The main results suggest that, regardless of the country analyzed, companies that place greater importance on factors that impede the development of their innovation activities are also more likely to engage in external sourcing of knowledge through R&D outsourcing or technological cooperation agreements. This positive association is especially strong in companies that do not perform internal R&D activities or do so sporadically, while it is much weaker in companies that perform internal R&D continuously.
The rest of the study is organised as follows: Section 2 presents a review of the literature; Section 3 provides the data and variables considered for the analysis; Section 4 explains the methodology; and the results and main conclusions are laid out in Sections 5 and 6.
Theoretical framework
The number of empirical studies that try to analyse the determinants of the decisions to externalise R&D activities has grown in recent years. Holl and Rama (2014) , using information on Spanish firms for the period [2005] [2006] [2007] [2008] [2009] , compare the determinants of acquiring technology through R&D outsourcing, R&D outsource offshoring, domestic cooperation for innovation and international cooperation for innovation by foreign affiliates and national companies. In particular, they examine whether foreign subsidiaries are more involved in the different ways to acquire technology than national companies. Their results confirm that there are significant complementarities among the different options for obtaining technological resources. They also find that the supply of external technological resources through the four channels analysed complements companies' internal efforts on R&D activities.
Also using data on Spanish companies, Tamayo and Huergo (2017) find that being an exporter, performing R&D continuously, applying for patents, being a foreign affiliate and company size are factors that positively influence the decision to engage in R&D offshoring.
In addition, in the case of firms that belong to groups, they determine that greater importance given to internal sources of information for innovation than to market sources is positively (negatively) associated with the probability of R&D offshoring only through the group (market).
Another significant study is Murphy and Siedschlag's (2018) . They find that, for the period 2001-2006, Irish companies that are integrated into international production and have innovation networks, and enterprises that use information and communication technologies more intensively are more likely to engage in R&D offshoring. In addition, in the case of foreign-owned enterprises and domestic exporters, the propensity to offshore R&D increases by three percentage points.
In this context, it could be assumed that certain obstacles perceived by companies when they carry out their technological activities internally are at the same time incentives to develop them outside the company. In this regard, D'Este et al. (2012a) distinguish two kinds of barriers that restrict the development of companies' innovation activities: revealed barriers, which refer to factors that hinder a company in reaching the goals of its innovation activities (according to the authors, those that have received the most attention in the literature); and deterring barriers, which impede companies from undertaking innovation activities. The latter are related to a lack of organisational skills, a lack of experience in the use of technology and the existence of adverse conditions related to the structure of the market.
The main results of D 'Este et al. (2012a) suggest that there is a non-linear relationship between the importance that companies give to obstacles to innovation and the degree to which companies pursue technological activities. Specifically, they obtain that barriers related to costs and the market dissuade some companies from pursuing innovative activities (deterring effects), while others learn from the direct experience gained through carrying out these activities (revealed effects). Keeping this in mind, companies that perceive large deterring barriers might find an efficient way to confront these obstacles in the outsourcing of their R&D activities outside the company.
The existence of deterring barriers related to lack of resources might also be a motive to cooperate on technological activities with other agents (companies, public research centres, universities, etc.). In this regard, Antonioli et al. (2017) examine whether cooperation with research organisations or private companies is associated with different kinds obstacles, such as financial restrictions, lack of human capital or uncertain market demand. The authors find that facing only one specific restriction leads companies to cooperate. However, the results show that having to confront different barriers is a deterring element to establishing cooperation agreements, especially when companies simultaneously lack financing, adequate knowledge and information about technology or markets. In general, according to the authors, the probability of cooperating is influenced by the perception of relevant barriers, that is, the propensity to cooperate is positively related to the presence of single barriers, which "induces" cooperation, while the joint and complementary presence of different barriers does not have a big impact. Arranz and de Arroyabe (2008) also emphasize that the perception of the obstacles to innovation influences the propensity to cooperate with different agents. In particular, they find that market barriers and technological information are relevant for Spanish companies in order to cooperate with their peers in the European Union, and argue that the high costs associated with the development of innovation are one of the factors that have the greatest influence on the likelihood of cooperation. This statement is in line with what was proposed by authors such as López (2004) .
Based on the foregoing, we formulate the following hypothesis:
H1: There is a positive association between company-perceived barriers to carrying out innovative activities and a company's propensity to do external technology sourcing through strategies like cooperation or outsourcing.
Additionally, we can expect the importance of foreign sourcing strategies to be especially important when the barriers to innovation are related to the power of companies established in the national market. Following Nieto and Rodríguez (2011) , the foreign sourcing of technology would permit companies to have access to multiple markets, obtaining more diverse knowledge and generating more advantages for the development of innovation. In this regard, market conditions might require companies to learn strategies for offshoring part of their production process, with the aim of achieving positive returns in relation to the innovations (Love and Roper, 2001) . Therefore, we formulate the following hypothesis:
H2: There is a positive association between the importance a company gives to the market power of established companies as a barrier to innovation and its propensity to undertake foreign technology sourcing through strategies like international cooperation or outsourcing.
Also following D'Este et al. (2012a), we might think that companies that continuously carry out internal R&D activities perceive different obstacles to innovation with regard to companies that do so sporadically or do not carry out these activities.
Along this line, Mohnen and Röller (2005) obtain that the effects of obstacles to innovation on the propensity to innovate (innovate or not) are different than the effects on innovative intensity (spending on innovation over sales). They find there is a substitution effect among obstacles on the propensity to innovate, while there are complementarities among the effects on innovative intensity.
Additionally, previous empirical literature suggests that the perception of obstacles increases as more R&D activities are conducted (Mohnen and Rosa, 2002; Galia and Legros, 2004; Iammarino et al., 2009 ). In particular, Galia and Legros (2004) find that 'while it might be expected that obstacles would be more frequently cited by non-users than users of activities dedicated to innovation, the opposite seems to prevail'. They justify this fact in the learning process accompanying innovation, as 'it is plausible that certain problems are not effectively encountered until firms face them'. Furthermore, these authors, on the basis of a sample of French manufacturers, obtain that companies that postpone their innovation projects give greater importance to obstacles related to economic risk, a lack of qualified personnel, innovation costs, a lack of customer response capacity, a lack of information about technology and organisational rigidities. However, companies that permanently abandon projects tend to be more subject to economic barriers (costs, risks and customer response) than to technological or organisational barriers. Iammarino et al. (2009) also find a positive association between firms' perception of obstacles and their innovation propensity, and interpret this result as due to innovators being more likely to have experimented these barriers, and therefore more likely to consider obstacles as relevant. However, as these authors also point out, we cannot reject that this relation could be explained by an endogeneity issue associated with reverse causality.
In this sense, if we think that external sourcing of knowledge is an efficient alternative for firms that perceive large obstacles to carry out their technological activities internally, we may expect a different R&D sourcing strategy of persistent R&D performers respect to occasional or non-R&D performers.
Based on the foregoing, we formulate the following hypothesis.
H3:
The relationship between companies' perception of barriers to innovation and their probability of externalising their technological activities differs between companies that perform internal R&D activities continuously and those that perform them sporadically or not at all.
Empirical model and variables
To see the relationship between the perception that companies have of obstacles to innovation and their outsourcing and cooperation decisions, two types of specifications are considered.
First, the decisions to outsource R&D and engage in international cooperation are analysed.
Given the dichotomous nature of the variables that reflect these decisions and the fact that they might be correlated, this study is done via the estimation of a bivariate Probit model that is specified as follows:
where is the correlation coefficient between the error terms of the equations and X is the vector of explanatory variables that are described in detail in the following sections, and where obstacles to innovation play the main role.
Secondly, we examine whether these relationships change between national and international domains. Specifically, we consider four different strategies: domestic outsourcing, international outsourcing, domestic cooperation and international cooperation. As a consequence, in this case the relationships are analysed via the estimation of a multivariate Probit model, which allows for correlation in the adoption of the different strategies (Greene and Hensher, 2010) .
Additionally, we carry out separate estimations for the sample of companies that perform R&D continuously and for the sample of those that do it occasionally (or not at all).
The data bases and the main variables used for the empirical analysis are described below.
Data bases
To carry out this analysis, we use two data bases with information about the innovative Both surveys contain representative samples of companies at the national level and collect ample information related to activities and development of innovation. They also allow us to identify different economic characteristics. Although the two data bases have a panel structure, with regard to external sourcing strategies they do not have the same variables in all the years, so it was necessary to carry out a preliminary analysis which allowed us to select the variables that coincide in both surveys so that they were comparable.
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Because of this, the year 2010 was taken as the period of analysis, with a sample of 8,382 Spanish companies and 2,748 German companies. Information about each of the relevant variables for this study was available for these companies, and included non-innovating companies to avoid problems of selection bias.
Dependent variables
The main purpose of this research is to analyse some factors related to the decision to carry out technological activities outside the company. To this end, we define the following variables: national outsourcing, if the company buys R&D services from national suppliers;
international outsourcing, if the company buys R&D services from international suppliers; 3 national cooperation, if the company cooperates with other national companies or entities to carry out technological activities; and international cooperation, if the company cooperates with other international companies or entities to carry out technological activities. Each of these variables has a binary character, taking the value 1 if the company pursued this strategy during the period considered, or 0 otherwise.
As can be seen in Table 1 , according to the data on the sample, companies in both countries implement more strategies related to cooperation than to outsourcing. In Germany, for example, the data show that 15% of the companies perform domestic outsourcing and 2.8% perform international outsourcing. Comparing this data with the figures on cooperation,
18.5% cooperate in the same country and 6.9% cooperate on an international level. In Spain, 21.4% perform domestic outsourcing and 4.4% perform international outsourcing, compared with 26.3% of the companies in the sample that cooperate domestically and 10.4% that cooperate in another country. In general, it can be seen that Spanish companies do more cooperation and outsourcing than German companies.
Insert Table 1 
Main independent variables: the obstacles to innovation
With the goal of verifying the hypotheses put forward herein, we analyse four factors that companies see as obstacles to carrying out innovative activities.
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In the case of the PITEC, the variables for obstacles to innovation are defined on the basis of the following question:  Lack of skilled labour: Difficulties in obtaining resources of internal knowledge related to insufficiently qualified personnel.
 Market dominated by incumbents:
The company perceives barriers to entering the market because it is dominated by other companies, generally incumbents.
So that the information was comparable in both data bases, the variables from the PITEC are also defined dichotomously, taking the value 1 when companies report that the importance of the factor was high, and 0 otherwise.
We can see in Figure 1 that, in general, Spanish companies are more aware of factors that impede innovation activities. In both countries, of the four factors considered, it is the obstacle of high costs that has the greatest impact on innovation activities, cited by 62.7% of the companies in Spain and 38.6% of the companies in Germany. Furthermore, in the case of Spanish companies, the least important obstacle is lack of qualified human capital (36.1%), while in Germany it is a market dominated by incumbents (15.5%).
Insert Figure 1
In Tables A.1 .a and A.1.b of the Appendix, we can see that in both countries the perceptions that companies have about obstacles to innovation are highly correlated, with correlation coefficients between 0.2 and 0.6, and that those with the highest correlation are obstacles related to high costs and external financing. In Germany, this coefficient is 0.497, and in Spain it is 0.593. This relationship coincides with the results of Galia and Legros (2004) for the case of France. This correlation will be considered in the estimation strategy, so that the estimations are made both by adding the four indicators simultaneously and including each factor individually.
Other control variables
Other factors that, according to previous literature, might be associated with decisions about outsourcing or cooperation in R&D are also included as control variables in the model.
First of all, the exporting nature of the company is considered, given that exposure of companies to international markets creates opportunities for offshoring or cooperation with other agents (Barajas and Huergo, 2010; Tamayo and Huergo, 2017) .
Other technological activities carried out by companies are also considered. On this note, Vega-Jurado et al. (2009) consider that companies that continuously carry out R&D activities are more likely to acquire external knowledge because they have a greater ability to assimilate it. One of the main reasons is that internal knowledge increases the marginal performance of strategies for acquiring external knowledge (Cassiman and Veugelers, 2006) .
To capture these relationships, three variables are defined. The first is a binary variable that takes the value 1 if the company continuously carries out internal R&D activities, and 0 if it does so occasionally or not at all. In second place, the intensity of spending on innovation is considered. It is defined as the proportion of total spending on innovation over total company sales in period t. This variable is truncated in the MIP, taking the value 0.35 if the intensity is higher than this value. For this reason, the variable for the case of Spain has also been truncated, and a dummy has been added to indicate the cases in which information about the companies was truncated.
The literature also reveals a positive relationship between productivity and the implementation of strategies for outsourcing or cooperation. Specifically, Pelegrín and Bolancé (2013) find that companies that are more productive, more active in R&D, larger and have a higher intensity of human capital are more likely to transfer part of their productive activity abroad. According to the authors, the best companies self-select to carry out offshoring activities. For this reason, in this study we include a measure of labour productivity, defined as the ratio of the number of employees over total sales in period t. As in the case of intensity of spending on innovation, this variable is truncated in the MIP at the value 0.6. As such, here also the definition in the PITEC has been standardised, and a second variable is used to indicate cases of truncation.
Lastly, dichotomous variables grouped by sector, region and size are also introduced. It is expected that companies that carry out their activity in highly technological sectors, having more human resources and funding for innovation, also have a greater capacity to absorb transfers of knowledge and, as such, benefit more from strategies for externalising part of the R&D activities (Escribano et al., 2009; Cassiman and Veugelers, 2006) . In this study, we consider four sectoral groupings that classify companies into knowledge-intensive industries, other industries, knowledge-intensive services and other services. 
Results
This section provides the results of the estimations of the models presented in Section 3. First of all, the relationship between obstacles to innovation and companies' decisions to externalise activities is analysed without distinguishing their area of operation (national or international). Secondly, the possible existence of specificities in the relationship between obstacles to innovation and the foreign sourcing of knowledge is studied. Finally, the same analysis is carried out with a distinction between companies that continuously perform R&D and those that do not perform R&D or do it occasionally. Table 2 shows the marginal effects obtained upon estimating the bivariate Probit model for decisions about R&D outsourcing and technological cooperation, with all the obstacles to innovation introduced simultaneously. For both Spain and Germany, the estimated correlation coefficient between the two strategies for external technology sourcing is statistically significant, suggesting there is some correlation in the adoption of these strategies.
Obstacles to innovation and external sourcing of knowledge
Insert Table 2 Also in both countries, it is determined that, apart from obstacles to innovation, in general, the other company characteristics similarly affect the probability of externalising activities, which coincides with the economic literature. Being an exporter, the continuous performance of internal R&D and company size are positively associated with strategies for external sourcing of knowledge. Moreover, with the exception of being an exporter, the magnitude of these variables' marginal effects seems to be greater in the case of Spain.
In the specific case of spending on innovation and productivity, the marginal effects for the variables that show truncated values suggest the existence of non-linear relationships. The more companies invest in innovation and the more productive they are, the more likely they are to carry out outsourcing and cooperation activities. However, when the companies achieve values higher than the truncated values, the relationship is negative. In Spanish companies, the probabilities of performing R&D outsourcing and technological cooperation diminish by 12.7% and 13.7%, respectively, and in Germany, these values are 5.3% and 2.3%, respectively, when the relationship of spending on innovation over sales is greater than 0.35. Something similar happens in the case of productivity. When companies have values higher than 0.6, the probability of performing external outsourcing diminishes by 5.6% in Spain and 2.2% in Germany.
Furthermore, Spanish companies that belong to a business group are 3.3 percentage points more likely to perform R&D outsourcing and 6.2 percentage points more likely to engage in technological cooperation. Unfortunately, this variable is not available for Germany.
The results in Table 2 also seem to indicate that the importance of obstacles to innovation is different between the countries, although in both cases the obstacles present positive or nonsignificant coefficients. As for R&D outsourcing, in Germany, the barriers related to the high costs of innovation are the only ones that show a positive effect, while in Spain, a lack of external financing and a market dominated by incumbent companies are the barriers that have the biggest influence on outsourcing. With regard to cooperation, there is no significant relationship found for German companies. Conversely, in Spain, it is the lack of external financing that is most associated with carrying out this strategy.
When the obstacles are inserted individually (Table 3) , the results confirm that the high correlation between the different obstacles is influencing the lack of significance of several of these indicators in previous estimations.
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With the exception of lack of qualified personnel in German companies, all the obstacles have a positive and significant effect on external sourcing of knowledge, regardless of the country. In light of this, it could be said that in Germany and Spain the results are consistent with Hypothesis 1, such that when companies perceive internal barriers to performing innovation activities, they tend to look for new technology externally through mechanisms like cooperation or outsourcing.
Insert Table 3 4
.2. Foreign versus national sourcing of knowledge
In the previous section, the relationship between some obstacles to innovation and the decision to carry out external sourcing of knowledge through the outsourcing of R&D and technological cooperation is analysed without distinguishing whether these practices take place nationally or internationally. Bearing this distinction in mind, in this section, four different strategies for external knowledge outsourcing are considered, so the relationships are analysed via the estimation of a multivariate Probit model.
Given the high level of correlation among obstacles to innovation, the estimations in Table 4 correspond to the model where each obstacle is included separately. The results that correspond to the model where all the obstacles are incorporated simultaneously are compiled in Table A .2 of the Appendix.
Insert Table 4 As Table 4 shows, the positive relationship between the obstacles to innovation considered and external sourcing of knowledge is confirmed. As for the outsourcing of R&D, in
Germany the correlations with decisions on foreign outsourcing are especially strong, while in Spain the associations are captured to a greater extent when the outsourcing is done domestically. With regard to cooperation, in both countries the relationships to the obstacles are stronger in the case of national cooperation, with lack of financing and innovation costs the most important.
Furthermore, in both Germany and Spain we see a positive relationship between the importance companies give to the market power of established companies as a barrier to innovation and the likelihood of their engaging in foreign technology sourcing via international outsourcing. The relationship between this obstacle and the decision to cooperate internationally is even stronger in the case of German companies, but it is not statistically significant for Spanish companies. As such, these results are consistent with Hypothesis 2, although only partially.
Internal R&D, obstacles to innovation and external sourcing of knowledge
In this section, we analyze whether the association between obstacles to innovation and the probability of engaging in external sourcing of knowledge is different for companies that perform internal R&D activities continuously and those that do it occasionally or not at all.
As can be seen in Table 5 , in both countries the correlation between obstacles and external sourcing is stronger in the case of companies that perform internal R&D activities occasionally or not at all.
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The four obstacles considered show a statistically positive association with both R&D outsourcing and international cooperation. This is consistent with the idea that these obstacles deter companies from carrying out internal innovation activities, while they motivate their hiring outside the company. The only exception is the perception of a market dominated by established companies, which in Germany does not seem to be related to technological cooperation.
Insert Table 5 By contrast, when companies perform internal R&D activities continuously, obstacles linked to a lack of financing, the high costs of innovation and a lack of qualified personnel do not seem to be related to the outsourcing of R&D in either of the countries. The perception of a market dominated by incumbent companies shows a positive association only in the case of Spain. This same obstacle is the only one that is related positively to technological cooperation in German companies that are continuous R&D performers. In the case of Spanish companies, this factor is joined by the factors of cost and financing. In any event,
these results are consistent with Hypothesis 3.
Conclusions
Parallel to the process of globalization, the phenomenon of external sourcing of knowledge by companies has been increasing in recent decades. Although recent studies attribute this increase in the search for technological resources outside the company to its beneficial effects on business performance (Wagner, 2011; Bertrand, 2011; Nieto and Rodríguez, 2013) , empirical evidence about the factors that influence the choice of this kind of external sourcing strategy is still scarce.
The goal of this research is to contribute to this analysis by studying the effect of companyperceived obstacles to innovation activities on the external sourcing of knowledge through either the outsourcing of R&D or technological cooperation. To do this, we use information about German and Spanish companies for the year 2010 and we estimate multivariate probit models for decisions about different kinds of external sourcing, with obstacles to innovation as the main explanatory variables.
The results obtained suggest that, in both Germany and Spain, there is a positive association between the importance that companies give to factors that impede their innovation activities and the probability that they will engage in external sourcing of knowledge via R&D outsourcing or technological cooperation agreements. This positive relationship seems to be especially strong in companies that do not perform internal R&D activities or do so sporadically, while it is much weaker in companies that perform internal R&D continuously.
However, the importance that companies give to the market power of established companies Exporter ( Notes: Marginal effects are reported at sample means. For dummy variables, the marginal effect corresponds to the discrete change from 0 to 1. Estimated standard errors in parentheses. All regressions include a constant and regional dummies. Coefficients significant at 1%***, 5%**, 10%*. Notes: Marginal effects are reported at sample means. For dummy variables, the marginal effect corresponds to the discrete change from 0 to 1. Estimated standard errors in parentheses. All regressions include the same control variables as in Table 2 . ρ is the correlation coefficient across equations. Coefficients significant at 1%***, 5%**, 10%*. Notes: Marginal effects are reported at sample means. For dummy variables, the marginal effect corresponds to the discrete change from 0 to 1. Estimated standard errors in parentheses. Each row corresponds to a different estimate. Besides the specific obstacle to innovation, all regressions include the same explanatory variables as in Table A .2 of the Appendix. Coefficients significant at 1%***, 5%**, 10%*. Notes: Marginal effects are reported at sample means. For dummy variables, the marginal effect corresponds to the discrete change from 0 to 1. Estimated standard errors in parentheses. Each row corresponds to a different estimate. Besides the specific obstacle to innovation, all regressions include the same explanatory variables as in Table A .4. ρ is the correlation coefficient across equations.Coefficients significant at 1%***, 5%**, 10%*. Notes: Marginal effects are reported at sample means. For dummy variables, the marginal effect corresponds to the discrete change from 0 to 1. Estimated standard errors in parentheses. TV stands for truncated values. All regressions include a constant and regional dummies. ρ_ij is the correlation coefficient across equations i and j, where i, j=1,2,3,4 , that refer, respectively, to equations for domestic outsourcing, international outsourcing, domestic cooperation and international cooperation. Coefficients significant at 1%***, 5%**, 10%*. Notes: Marginal effects are reported at sample means. For dummy variables, the marginal effect corresponds to the discrete change from 0 to 1. Estimated standard errors in parentheses. TV stands for truncated values. All regressions include a constant and regional dummies. Coefficients significant at 1%***, 5%**, 10%*. Notes: Marginal effects are reported at sample means. For dummy variables, the marginal effect corresponds to the discrete change from 0 to 1. Estimated standard errors in parentheses. TV stands for truncated values. All regressions include a constant and regional dummies. ρ is the correlation coefficient across equations. Coefficients significant at 1%***, 5%**, 10%*.
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Appendix: Complementary Tables
